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Abstract. Five rates of Pleurotus ostreatus inoculum (1, 2, 4, 6 and 8%)  and two fungicide treatments 
of the substrate (methyl thiophanate plus CaCO3 vs no treatment) have been studied in a factorial 
experiment in two complete randomized blocks. Main results show that the fungicide treatment of the 
substrate allows obtaining a better inoculation at all densities, a lower infection by non-desired 
organisms and for a 6% inoculum rate a yield 25% higher than the yield of the highest inoculum rate 
(8%) on untreated substrate. Observations and measurements in a commercial crop and in the factorial 
trial have allowed to establish several correlations such as between the carpophore diameter and 
weight; between the carpophore thickness and its density, relation that could be important if density is 
more taken in account as a quality parameter. Measures have also allowed to determine growth 
parameters such as growth rates in function of the carpophores diameter with daily values GRDV from 
400% (young carpophores with diameters <6 mm) to 200-100 % (older carpophores with diameters > 
30 mm). Differences found between growth temperatures 15°C and 20°C were not significant 
indicating flexibility regarding the temperature regulation. 
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INTRODUCTION 
 
Pleurotus (oyster mushroom, Pleurotus ostreatus) growing has reached important 
economic interest. The fungi and its growing process are well known and have been described 
by many authors (Zadrazil, 1978; Chang et al., 1978; Olivier, 1991; Miles et al., 1997; 
Domondon et al., 2000; Oei, 2005; Ben Ayed, 2012). In the oyster mushroom production 
fungicides are very often used in order to protect the substrate against infection by 
competitive moulds (Trichoderma sp., Aspergillus sp., Fusarium sp. etc.) (Lelley and 
Niehrenheim, 1991). Amongst the main factors of production the density of inoculum, the 
disinfection of the substrate and the temperature for growing remain factors which have 
impacts on growth and production but also on the cost of production.  
 
MATERIALS AND METHODS 
 
One part of the observations and measurements has been done on a commercial crop 
of Pleurotus ostreatus growing in a farm located in Dej area, County Cluj, Romania. 
Measures deal with numbering, weight, volume, length.  
In order to determine morphological and physical features, measures have been made 
on 19 pleurotus grown at temperature 20°C and only 6 grown in another room at 15°C. It has 
been measured the diameter of the carpophore in its largest dimension D; the volume V, 
measured by a technique derivated from the pycnometer; the weight, P, measured at +0,1 g.  
Several grandeurs have been deducted by computation of the measured data: the square of the 
diameter, D², as representing the surface of the carpophore assimilated to a disk; the cube of 
the diameter, D³ , as representing the volume of the carpophore assimilated to a sphere; the 
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‘average thickness’, E, of the carpophore, as 4*pi * V / D²; the density DE of the carpophore, 
as P / V; the coefficients of correlation CCR between every couple of measured (3) and 
deducted (4) variables , total  7 x 6/2 or 21 CCR.  
In order to follow the growth of pleurotus individuals in culture rooms at 20 °C and 
at 15 °C, at day 1, pleurotus of different dimensions (from 2 to 68 mm) have been randomly 
selected and marked in such a way to follow their growth from day to day during 7 days (d1 
to d7) by measuring their diameters.For analyzing the data, mushrooms have been sorted in 6 
groups in function of their size (diameter) at day d1: group 1: less than (or exactly) 5 mm; 
group 2: from 6 to 10 mm; group 3: from 11 to 19 mm ; group 4: from 20 to 29 mm; group 5: 
from 30 to 39 mm; group 6: more than 40 mm. Another approach for analyzing the data has 
been to consider that the successive measures on a given mushroom were independent and 
that on the period it existed as many information as measured diameters; coupling every daily 
diameter with its growth rate for the next day has given 80 couples ‘diameter/rate’ for 20°C  
and 27 couples for 15°C; these data sets have been sorted by increasing diameters and the 
analysis has given the graph 2 (group 1, i.e. diameters lower than 5 mm, have not been taken 
into account). 
An experimental part aims to determine the optimal ‘inoculum rate’ expressed as % 
of mycelium (mushroom white), physiologically (maximum yield) and economically 
(maximum gross margin). The inoculations and the subsequent crops can be made on various 
substrates which differ notably by the fact that they can be treated with a fungicide in order to 
avoid the contamination by competitors or pathogens. In the trial, two factors have been 
considered. Factor 1 is the density of pleurotus inoculums D, with 5 levels D1: 1%, D2: 2%, 
D3: 4%, D4: 6% and D5: 8%. Factor 2 is the fungicide treatment F, at 2 levels: F0 absent and 
F1 treated with lime CaCO3 + methylthiophanate (commercial product TOPSIN M). The 
number of treatments is thus 2 x 5 or 10. The experimental unit is a bag of substrate weighing 
18 kg + 1 kg. The twenty bags have been numbered and each of the 10 treatments has been 
attributed to 2 bags at random. For the incubation period, all bags have been set in the same 
climatic and ecologic conditions, at a temperature between 20 and 22°C. Substrate humidity 
has been maintained between 80 and 75%. 
Observations are percentage of surface colonized by pleurotus mycelium or infected 
by competitors, estimated in a ten grades linear scale, from 0% to 100% by 10% steps. For 
yield measures, mushrooms have been harvested in every bag (20) from the appearance of the 
first pleurotus in the treated bags. Harvests have been done until the decrease in yield 
determining the end of bags commercial exploitation, about two months after first harvest. 
Four periods of fifteen days have been delimited in order to summarize the evolution in time 
of the production.   
 
RESULTS AND DISCUSSIONS 
 
Results deal with growth rate related to temperature (1), morphological and physical 
properties and their correlations (2), mycelium incubation velocity (3), substrate infection by 
competing organisms (4) and pleurotus yields (5) for the different treatments.  
 
1. Growth rates in relation with the temperature  
Results are given in Tab.1a and 1b for crops done at 20°C and at 15°C resp. Results 
are summarized by means and coefficients of variation, in Tab. 2 and illustrated for groups 2 
(young carpophores) and 5 (carpophores with diameters from 30 to 39 mm) in Fig.1a and 1b. 
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Tab. 1a.  
Diameters of carpophores (mm) measured every day (d1 to d7). Culture room at 20 C°. 
 
N° d1 d2 d3 d4 d5 d6 d7 
1 2 7 18 40 55   
2 3 17 27 53 89 110  
3 5 20 43 82 114   
4 9 23 38 62 80   
5 9 13 20 26 34 52 65 
6 10 19 29 45 72 105  
7 15 26 42 69 80   
8 18 29 45 63 82   
9 18 24 46 64 87   
10 18 26 52 78 98   
11 20 28 42 66 79 99  
12 22 31 44 55 80 108  
13 28 43 65 80 105   
14 30 41 59 71 82 95  
15 35 57 75 89 107   
16 42 74 110 180    
17 47 69 92 115 145   
18 50 79 107 125    
19 68 104 150 189 225   
  
Tab. 1.b.  
Diameters of carpophores (mm) measured every day (d1 to d6). Culture room at  15°C 
 
N° d1 d2 d3 d4 d5 d6 
1 9 17 23 45 62 77 
2 16 18 26 56 78 110 
3 20 33 56 83 101  
4 30 49 87 103 122 156 
5 30 48 83 99 120  
6 36 56 88 105 140  
 
Coefficients of variation reveal a great variability between individuals in a group and 
obviously it is not allowed to differentiate the growth rates for the two temperatures (15 and 
20 °C). For group 2 (pleurotus measuring between 6 and 10 mm at day d1) to group 6 (more 
than 40 mm) all growth rates (apart two exceptions) are between 100 and 200% and they 
seem to decrease slowly from group 2 to group 6. Only the group 1 (very small young 
pleurotus), with a limited number of individuals at 20°C, shows higher daily growth rates of 
about 400%.  
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Tab. 2. 
Diameters and growth rates at two temperatures (20°C and 15°C) after sorting the carpophores in 
groups according to their diameters 
 
Pleurotus # 
Diameter (mm) Growth rate in  % 
d1 d2 d3 d4 d5 d6 d2/d1 d3/d2 d4/d3 d5/d4 d6/d5 
at temperature 20°C 
group 1 (3 observations)      
mg1 (3) 3.3 14.7 29 58 86 110 439 210 203 148 124 
CVg1 % 1.5 6.8 12.7 21.5 29.6  113.4 49.3 16.8 17.1  
group 2 (3 observations)      
mg2 (3) 9.3 18.3 29 44 62 79 197 157 149 140 150 
CVg2 % 0.6 5.0 9.0 18.0 24.6  55.9 6.9 17.3 17.4  
group 3 (4 observations)      
mg3 (4) 17.3 26 46 69 87  153 177 148 127  
CVg3 1.5 2.1 4.2 6.9 8.1  17.7 22.1 11.7 8.4  
group 4 (3 observations)      
mg4 (3) 23.3 34 50 67 88 103 145 148 135 132 130 
CVg4 4.2 7.9 12.7 12.5 14.7 6.4 7.6 5.0 19.1 12.9 6.8 
group 5 (2 observations)      
mg5 (2) 32 49 67 80 94 95 150 138 120 118 116 
CVg5 3.5 11.3 11.3 12.7 17.7  18.5 8.7 1.2 3.3  
Groupe 6 (4 observations)      
mG6 (4) 52 82 115 152 185  159 140 133 123  
CVg6 11.3 15.5 24.8 37.6 56.6  12.7 7.2 20.9 5.0  
N° at temperature 15°C 
group 2 (1 observation)      
mg2 9 17 23 45 62 77 189 135 196 138 124 
group 3 (1 observation)       
mg3 16 18 26 56 78 110 113 144 215 139 141 
Groupe 4 (1 observation)      
mg4 20 33 56 83 101  165 170 148 122  
Groupe 5 (3 observations)      
mg5 32 51 86 102 127 156 160 170 120 124 128 
CVg5 3.5 4.4 2.6 3.1 11.0  3.9 10.7 0.5 7.9  
CV= Coefficient of variation in %, mgn= mean for group n ( n=1 to 6).  
 
 
Fig. 1. Growth rates of pleurotus (in daily % increase of carpophore diameter) along time (5 days), in 
function of temperature-15 and 20 °C(a); 1a for carpophore group 2 (diameters from 6 to 10 mm at 
day 1) and 1b for carpophore group 5 (diameters from 30 to 39mm at day 1) (see details for groups 1 
to 6 in table 2 and in ‘materials and methods’) 
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Fig. 2. Daily growth rates (diameter as % of diameter at previous day d-1) as a function of diameter 
growth rate at previous day at two temperatures (15 and 20 °C) 
 
This approach gives similar conclusions. There seem to be no significant differences 
between the growth rates at 15°C and at 20 °C. There is only slight differences in function of 
the diameters for the diameters greater than 5mm and until 200 mm, which must be 
considered with the obviously greater growth rates observed for diameters smaller than 5 mm 
(group1); it means that a short period of very high growth rate in the juvenile phase is 
followed by a slow decrease of the growth rates in function of the mushroom age (diameters 
and ages are positively linked).  
  
2. Morphological and physical features of pleurotus and correlations  
 
Tab. 3.  
Some physical features of pleurotes and relations between them 
 
#  
pleurote 
Measured variables Deducted variables  
Diameter 
(mm) 
Volume 
(ml) 
Weight    
(gr) 
Squarred 
diametre 
(mm²) 
Cubed 
diametre 
(mm³) 
Density 
(g/mm³) 
Average 
thickness 
(mm) 
1 6 0.04 0.1 36 216 2.50 14.0 
2 8 0.07 0.2 64 512 2.86 13.7 
3 10 0.08 0.2 100 1,000 2.50 10.0 
4 12 0.12 0.3 144 1,728 2.50 10.5 
5 22 2 1.3 484 10,648 0.65 51.9 
6 25 3 2.1 625 15,625 0.70 60.3 
7 30 4 2.7 900 27,000 0.68 55.8 
8 35 5 4.4 1,225 42,875 0.88 51.3 
9 40 8 7.0 1,600 64,000 0.88 62.8 
10 45 12 8.0 2,025 91,125 0.67 74.4 
11 50 15 10.5 2,500 125,000 0.70 75.4 
12 54 18 11.0 2,916 157,464 0.61 77.5 
13 65 25 15.0 4,225 274,625 0.60 74.3 
14 70 35 17.7 4,900 343,000 0.51 89.7 
15 80 35 22.8 6,400 512,000 0.65 68.7 
16 93 50 31.5 8,649 804,357 0.63 72.6 
17 100 105 47.0 10,000 1,000,000 0.45 131.9 
18 120 98 54.8 14,400 1,728,000 0.56 85.5 
19 130 115 74.0 16,900 2,197,000 0.64 85.5 
Matrix of correlation coefficients  
Diamtr  D 1 .9320 .9466 na na -.6522 .7988 
Volume V   1 .9835 .9705 na -.4536 .7145 
Weight P     1 .9931 .9847 -.4546 .6644 
Squared D       1 .9841 -.4744 .6561 
Cubed D         1 -.3727 .5504 
Density           1 -.8708 
Thickness             1 
Note : na : not applicable (non independent, obvious)  
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Tab.3 displays the data for the measured and deducted variables (top part) and the 
matrix of Coefficients of Correlation values (bottom part).  
The carpophore weight is very highly significantly correlated to its volume; 
significantly to its diameter (easy to measure) and very highly significantly to the square of its 
diameter (or the surface, easy to compute) (see fig. 3). The density is negatively but not 
significantly correlated to the volume and to the weight; it is better correlated to the diameter 
(-0.65) and to the carpophore ‘average thickness’(-0.87). This feature could be exploited in 
the assessment of the commercial and sensorial qualities of the mushroom. Despite numerous 
references on quality assessment, only Vullioud  et al.  (2011) mention the density of the 
mushroom as being a quality parameter and measure it by a pycnometric method very similar 
to the method  has been used here. No mention of a relation between density and thickness of 
the pleurotus carpophores has been found in the literature. If the density of the mushroom is 
considered as a pertinent quality component, this relation could be verified and established 
with more precision and/or standardized conditions in order to simplify the quality 
assessment.   
 
        
Fig. 3. Relation between squared diameter and 
carpophore weight.  
Fig. 4. Relation between carpophore thickness 
and density. 
 
 
3. Mycelium incubation rate in treated and untreated bags  
For one bag of every inoculum density, the incubation rates have been estimated by 
the proportion of substrate area covered by mycelium (in a scale from 0 = 0% to 10 =100% by 
steps of 10%) with observations every 5 days (Tables 4a, treated and 4b, untreated bags).  
 
Tab. 4a.  
Incubation estimated in tenths of the substrate surface covered by mycelium, from days D5 to D60, 
treated bags 
 
Inoculum density D5 D10 D15 D20 D25 D30 D35 D40 D45 D50 D55 D60 
1% 0.0 0.0 1.0 1.5 2.0 3.5 4.0 5.0 5.5 7.0 7.5 8.0 
2% 0.0 0.0 1.0 1.5 2.0 3.5 4.5 5.5 6.5 7.0 8.0 9.0 
4% 1.0 1.0 1.5 2.0 4.0 5.0 7.0 8.0 9.0 10 10 10 
6% 1.0 2.0 3.5 5.0 6.5 7.5 9.0 10 10 10 10 10 
8% 1.0 2.0 4.0 6.0 8.0 9.5 10 10 10 10 10 10 
*1= 10% ; 10=100% 
 
 
 
34
 
 
Tab. 4b. 
Incubation estimated in tenths of the substrate surface covered by mycelium, from days D5 to D60, 
untreated bags 
 
Inoculum density J5 J10 J15 J20 J25 J30 J35 J40 J45 J50 J55 J60 
1% 0.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 4.0 5.0 5.5 6.0 
2% 0.0 0.0 1.0 1.0 1.5 2.0 3.0 3.5 4.5 5.5 6.0 6.5 
4% 0.0 1.0 1,0 1.5 2.0 4.0 4.5 5.5 6.5 7.5 8.0 9.0 
6% 0.0 1.5 2.5 3.5 4.5 5.5 7.0 7.5 8.0 8.5 9.0 9.0 
8% 0.0 1.5 2.5 4.0 5.5 7.5 8.0 8.5 9,0 9,0 9.0 9.0 
 
From these observations, it may be concluded that the growth rate assessed by the proportion 
of substrate area covered by mycelium increases with the inoculum density. The densities of 
8% and 6% give very similar and not significantly different growths.  
 
 
Fig. 5. Growth rate evolution until day 60 (incubation in tenth of the surface covered by mycelium)  in 
function of inoculum density on treated substrate 
Fig. 6. Growth rate evolution until day 60 (incubation in tenth of the surface covered by mycelium) in 
function of inoculum density on untreated substrate 
 
Comparing the developments on treated and untreated bags, it appears that the 
incubation reaches 100% (score 10) at day J35 for the bags treated and seeded at densities 
higher than 4%, (i.e. production on all the bag surface) when in untreated bags the incubation 
does not overpass 90% at day J60). It can be proposed that the treatment with lime + 
fungicide allows a quicker (35 to 45 days) and more complete (100% vs 90% of area covered) 
incubation than the absence of treatment.  
 
4. Substrate infection by competitors or pathogens in function of substrate 
treatment and inoculum density.  
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On each of the twenty bags, the infection levels by fungal and bacterial pathogens 
(mainly Trichoderma sp.) have been estimated by the proportion of the bag surface infected.  
Results are summarized in Tab. 5 and Fig. 7. 
 
Tab. 5.  
Substrate infection (% of surface infected) in function of the substrate treatment and of the inoculum 
density 
 
Inoculum 
density 
Treated bags Untreated bags 
R1 R2 mean R1 R2 mean 
1% 25,0 28,0 26,5 39,0 43,0 41,0 
2% 22,0 26,0 24,0 35,0 38,0 36,5 
4% 10,0 13,0 11,5 30,0 28,0 29,0 
6% 2,0 1,5 1,8 15,0 17,0 16,0 
8% 1,0 1,0 1,0 12,0 14,0 13,0 
 
Trichoderma  or green mould disease is the most important competitor  of oyster 
mushroom in Transylvania  (Kredics et al., 2006).  The infection rates are significantly higher 
for the untreated substrate reaching levels of surface coverage as high as 41 %. This result 
confirms those obtained by several authors after treatment of the substrate by several 
fungicides of the BCM (such as the tiophanate-methyl) or triazole families (Lelley and 
Niehrenheim, 1991; Woo et al., 2004;  Wang Zhen-he, 2007).  Nevertheless the treatment has 
not been able to fully inhibit the fungal and bacterial infections with more than 26 % of 
surface coverage at 1% seed inoculum density. The infection rates decrease with the increase 
of the seed inoculum density, above 13% in the untreated bags but remaining very low (<2%) 
for the 6% and 8% densities on the fungicide treated substrate.  A crop nearly infection-free 
(i.e. with less than 5% of infection on the production surface) can only be obtained with a 
treated substrate and inoculum densities of 6% or higher. This can be considered in relation 
with the results obtained for the surfaces colonized by the mycelium of pleurotus (previous 
paragraph) and illustrates the competition between pleurotus mycelium and pathogen / 
saprophitic organisms.  
 
 
 
Fig. 7. Rate of infection by non-desired organisms (in % of bag surface) in function of substrate 
treatment and inoculum density (sacs non traites = non treated bags). 
 
 
36
 
 
5.  Pleurotus yields of the four harvests periods 
Results of these two weeks harvests are given in Tab. 6 and total yields with and 
without treatments in Fig. 8.  
 
 
Fig. 8. Total yields of Pleurotus (kg/bag) in function of the inoculum density (%) on fungicide treated 
(above, losange) and  not-treated (squares) substrates. 
 
 
Tab. 6.  
Yields of the four harvest periods and total yields for the different treatments 
 
 
 ino 
 cu 
lum  
 
den 
sity 
Harvest 1 (days 1 
to 15 ), kg/bag 
Harvest 2 (days 
16 to 30), kg/bag 
Harvest 3 (days 
31 to 45), kg/bag 
Harvest 4 (days 
46 to 60), kg/bag 
Total 4 
harvests 
kg/bag 
R1 R2 M R1 R2 M R1 R2 M R1 R2 M 
Bags with fungicide treatment 
 
1% 1.3 1.5 1.40 1.2 1.2 1.20 0.9 0.7 0.80 0.0 0.6 0.30 3.70 
2% 1.5 1.3 1.40 1.2 1.3 1.25 0.7 0.8 0.75 0.9 0.5 0.70 4.10 
4% 1.9 2.2 2.20 1.4 1.7 1.55 1.2 1.3 1.25 0.7 0.7 0.70 5.70 
6% 2.2 2.3 2.25 1.9 1.9 1.90 1.5 1.4 1.45 0.7 1.0 0.85 6.45 
8% 2.3 2.1 2.20 1.8 1.7 1.75 1.5 1.7 1.60 0.8 0.9 0.85 6.40 
m     1.89     1.53     1.17     0.68 5.27 
  Bags without fungicide treatment 
1% 0.9 1.1 1.00 0.7 0.6 0.65 0.5 0.5 0.50 0.2 0.3 0.25 2.40 
2% 1.1 1.1 1.10 0.8 0.8 0.80 0.4 0.7 0.55 0.3 0.3 0.30 2.75 
4% 1.5 1.4 1.45 1.2 1.2 1.20 0.9 1.1 1.00 0.3 0.4 0.35 4.00 
6% 1.7 1.6 1.65 1.5 1.2 1.35 1.1 1.1 1.10 0.8 0.7 0.75 4.85 
8% 2.0 1.9 1.95 1.2 1.3 1.25 1.3 1.1 1.20 0.6 0.5 0.55 4.95 
m     1.43     1.05     0.87     0.44 3.79 
NB. Despite the data of replicate 1bag treated inoculated at 1% (zero) seems abnormal it has been kept 
because it corresponds to a reality (this bag was severely infected by pathological bacterias) and that, replacing it 
by an estimated missing data did not modify the trial conclusions.      
 
For all the densities of inoculation, the fungicide treatment of the substrate F1 gives 
yields higher than the yields in absence of treatment F0. Yield supplement due to the 
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fungicide is independent of the inoculation rate and is about 1.5 kg by bag or 40 % of the 
yield without fungicide. These results are in conformity with the results obtained by Woo et 
al. (2004) whose study concludes that the inhibitory effect of several fungicides commonly 
used in agriculture (prochloraz, thiabendazole, dichloran, benomyl, propiconazole, 
thiofanatomethyl) were found to inhibit the growth of the aggressive Trichoderma isolates 
without having a negative effect on Pleurotus. 
Our results bring quantitative data on the effectiveness of the fungicide treatment in 
relation with the inoculum rate. Without fungicide treatment, the physiological optimum 
inoculum rate is 8% yielding 4.95 kg/bag, very close to 6 % which could be the economical 
optimum with a yield of 4.85 kg/bag.  With fungicide treatment of the substrate, the 6% rate 
of inoculum yields as much as the 8% density (6.45 vs 6.40 kg/bag), indicating that in these 
conditions of substrate and other cropping features the optimal inoculum density for yield is 
around 6%. Taking into account the high cost of the inoculum for seeding (called ‘blanc’, or 
spores), the low cost of the fungicide treatment (CaCO3 plus methyl thiophanate), and the 
yield supplement (40%) due to this treatment, its cost-effectiveness appears obvious.   
 
 
CONCLUSIONS 
 
From the observations and measurements done on the commercial crop it has been 
found significant relations between the squared diameter of the carpophores and the 
mushroom weight; and between the thickness and the density of the carpophores; that the 
daily growth rates are from about 400% for young pleurotus (diameter < 5 mm) to about 150-
100 % for older (diameter > 30 mm to 100 mm); the influence of the temperatures 15°C and 
20°C on growth rate after carpophore emergence has not been significant. From the 
experiment it appears that the fungicide treatment (thiophanate methyl plus CaCO3) has been 
very effective giving more yield at all harvests, due to a more rapid and complete incubation 
(100% coverage of bags substrate surface, vs 90 % maximum for untreated bags) and to a 
lower infection by undesired organisms (pathogens, saprophytes). This fungicide treatment of 
the substrate allows the adoption of the inoculum rate of 6% which gives higher yields (about 
25 to 30 %) than an inoculum rate of 8% on a substrate without fungicide.  
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